Effect of grafting RGD and BMP-2 protein-derived peptides to a hydrogel substrate on osteogenic differentiation of marrow stromal cells.
Osteogenic differentiation and mineralization of bone marrow stromal (BMS) cells depends on the cells' interactions with bioactive peptides associated with the matrix proteins. The RGD peptides of ECM proteins interact with BMS cells through integrin surface receptors to facilitate cell spreading and adhesion. The BMP peptide corresponding to residues 73-92 of bone morphogenetic protein-2 promotes differentiation and mineralization of BMS cells. The objective of this work was to investigate the effects of RGD and BMP peptides, grafted to a hydrogel substrate, on osteogenic differentiation and mineralization of BMS cells. RGD peptide was acrylamide-terminated by reacting acrylic acid with the N-terminal amine group of the peptide to produce the functionalized Ac-GRGD peptide. The PEGylated BMP peptide was reacted with 4-carboxybenzenesulfonazide to produce an azide functionalized Az-mPEG-BMP peptide. Poly (lactide-co-ethylene oxide- co-fumarate) (PLEOF) macromer was cross-linked with Ac-GRGD peptide and propargyl acrylate to produce an RGD conjugated hydrogel. Az-mPEG-BMP peptide was grafted to the hydrogel by "click chemistry". The RGD and BMP peptide density on the hydrogel surface was 1.62+/-0.37 and 5.2+/-0.6 pmol/cm2, respectively. BMS cells were seeded on the hydrogels and the effect of RGD and BMP peptides on osteogenesis was evaluated by measuring ALPase activity and calcium content with incubation time. BMS cells cultured on RGD conjugated, BMP peptide grafted, and RGD+BMP peptide modified hydrogels showed 3, 2.5, and 5-fold increase in ALPase activity after 14 days incubation. BMS cells seeded on RGD+BMP peptides modified hydrogel showed 4.9- and 11.8-fold increase in calcium content after 14 and 21 days, respectively, which was significantly higher than RGD conjugated or BMP grafted hydrogels. These results demonstrate that RGD and BMP peptides, grafted to a hydrogel substrate, act synergistically to enhance osteogenic differentiation and mineralization of BMS cells. These findings are potentially useful in developing engineered scaffolds for bone regeneration.